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The better method proved to be the determination of the potassium to sodium ratio (ionic ratio) which falls in infarcted tissue within minutes of the onset of anoxia. The second method was nitro blue tetrazolium staining of gross sections of myocardium which revealed any infarct older than three and a half hours. As staining is dependent upon enzyme activity, the latter method is disturbed by autolysis. It was shown, on the other hand, that the ionic ratio (K+/Na+) was not affected by autolysis and was therefore well suited to forensic practice.
Sixteen non-infarcted control hearts, plus the nine from cases of sudden death due to causes other than myocardial infarction, all yielded high ionic ratios (K+/Na+), average 1[4, and stained normally with tetrazolium (the normal controls). Positive control was provided by 20 histologically proven infarcts of which the ionic ratios (K+/Na+) were all low (average 0 7). Histochemical staining with tetrazolium delineated infarcted areas in each case.
In a series of 29 sudden deaths, a cause of death other than myocardial infarction was found at necropsy in nine, mentioned above as normal controls. The remaining 20 hearts were not infarcted histologically, but were shown to be infarcted by examination of the ionic ratios (K+/Na+). These ratios were low (average 0 8) including three borderline ratios. Confirmatory evidence of infarction included nitro blue tetrazolium staining which revealed infarcts in 10 of the 20 cases, and clinical and necropsy observations. The ionic ratio (K+/Na+) decreases as the age of the infarct increases for at least 24 hours. Thereafter as healing proceeds, the ratio gradually reverts to normal. Thus, previous infarction and replacement fibrosis do not significantly alter the ionic ratio (K+/Na+). Nor is it changed by left ventricular hypertrophy, the presence of congestive cardiac failure, or digitalis therapy.
It is suggested that macroscopic tetrazolium staining is a useful screening test for early inapparent myocardial infarcts. In cases where no infarct is delineated with that method estimation of the ionic ratio (K+/Na+) should be carried out on myocardium removed from standard areas on the anterior and posterior left ventricular walls. (Russell, Crafoord, and Harris, 1961; Woodin and Wieneke, 1964) . Moreover as potassium ions leak out through the inactivated cell membrane sodium ions move in the opposite direction into the cells. Providing that the venous return remains satisfactory the migrating potassium ions will escape from the infarcted area. Simultaneously the sodium concentration of the tissue is increased (Jennings, Sommers, Kaltenbach, and West, 1964) . Obviously the ionic ratio (K+/Na+) in the infarcted myocardium will fall markedly since the numerator and denominator in the ratio change in opposite senses. Changes in the ionic ratio (K+/Na+) have been recorded in the dog's myocardium as early as 10 minutes after coronary artery ligation (Zugibe et al, 1966 give a weight to volume ratio of 1: 20. The heart mixture was homogenized for 10 minutes at room temperature in a Waring blender, followed by five minutes in a ground glass homogenizer.
The cell debris was spun down at 1,000 rpm for 10 minutes and analysis of sodium and potassium was carried out on 1 in 10 and 1 in 50 dilutions of the supernatant, respectively. The dilutions were tested against both separate and mixed standards of sodium and potassium in an EEL flame photometer.
GROSS TETRAZOLIUM STAINING
The method described by Ramkissoon (1966) was used. A solution of Nitro BT, I part, phosphate buffer pH 7.4, 1 part, and distilled water, 8 parts, was warmed to 37°C. The myo-cardial slices were then immersed in it and the temperature was maintained for 30 minutes. Any lesions noted were sketched for inclusion in the pathologist's notes.
AUTOLYSIS STUDY
Five pieces of normal myocardium were kept under different conditions for three weeks in sealed glass jars. In four of the jars, the myocardium was stored alone at 0WC, 5°C, room temperature, and 37°C respectively. In the fifth jar the myocardium was immersed in water at a temperature of 5°C. At intervals during the three weeks, an aliquot was cut from each sample for ion determination. The piece of heart kept at 37°C smelled so objectionably after one week that it had to be removed from the laboratory before the end of the experiment. The experiment was repeated with pieces of infarcted myocardium.
Results

IONIC RATIOS (K+/Na+) Normal hearts
The 16 control hearts were free from any recent myocardial infarction though over half of them showed hypertrophy or chronic fibrosis (Table 1) . 
Proven myocardial infarcts
In 20 hearts which showed macroscopic and microscopic features of infarction the range of ionic ratios (K+/Na+) was from 0-4 to 1 1 (average 0 7). All the hearts came from patients who had suffered from chest pain or dyspnoea or who had collapsed more than 12 hours before death. Polymorphonuclear infiltration and loss of nuclei in necrotic cells were taken to be significant histological features of infarction. It seemed that the critical value of the ionic ratio (K+/Na+) between the normal myocardium on the one hand and the infarcted on the other was 11 (Table II) . A ratio above 1 1 could be taken as normal, whereas values below 11 came from myocardial infarcts.
Suspected infarcts
Twenty-nine cases of suspected myocardial infarction leading to death within 12 hours were scrutinized. Nine of these had normal ionic ratios (K+/Na+), and were proved at necropsy to have died from causes other than myocardial infarction (Table IV) . The ionic ratios (K+/Na+) of the remaining 20 hearts were lower than 1 1, ie, the ratios confirmed the presence of in- found in the unaffected part of the ventricle. In older infarcts in the series the surrounding normal-looking myocardium showed slight alterations in the ratio in the direction of infarction. The reasons for this will be explored in the discussion.
GROSS TETRAZOLIUM STAINING
Areas of early infarction, not visible to the naked eye, are revealed in a transventricular section of the heart by failure to stain purple after incubation with Nitro BT. Positive results (absence of staining) were obtained in all infarcts older than 12 hours. Ten cases out of 20-all of shorter duration than 12 hours and inapparent at necropsy-gave a conclusive result (Table VI) . The earliest inapparent infarct revealed by the stain was three and a half hours old. Similarly, when kept at 50C, results were consistently accurate. The changes in the tissues at room temperature and at 37°C follow the pattern of those in water at 5°C. Thus the normal myocardium lost some sodium together with at least twice as much potassium. The ionic ratio (K+/Na+), therefore, dropped. The infarcted hearts, on the other hand, lost their excess of sodium, and, having little potassium left to lose, showed an increase in the ionic ratio (K+/Na+).
The changes are paralleled by the onset of liquefaction in the heart muscle. The ionic ratios (K+/Na+) in the three groups just compared were all approaching unity, perhaps due to attainment of equilibrium with the surrounding liquids.
Discussion IONIC SHIFTS IN MYOCARDIAL INFARCTS
The electrolyte changes in myocardial infarcts found during this work are supported by other investigations. By producing coronary insufficiency in dogs, Crout and Jennings (1957) noted a loss of potassium from the ischaemic tissue, first detectable an hour after induction of the infarct. Lowry, Gilligan, and Hashings (1942) , also working with dogs, noticed an increase in the sodium content of the infarcted myocardium which accompanied potassium depletion. By cannulating the coronary sinus of dogs, Dennis and Moore (1938) were able to measure a rise in the serum potassium level of blood samples removed from it seven minutes after ligation of a coronary artery. Russell et al (1961) calculated that oedema fluid provided less than a quarter of the excess sodium ions in an infarcted piece of myocardium. Therefore a rise in intracellular sodium concentration must account for the extra ions. The continued shift of sodium into the cells depends upon the ability of the collateral circulation to make it available to the extracellular fluid. At the same time potassium ions are lost from the cells into the surrounding medium whence they gain the efferent vasculature and ultimately the coronary sinus (Dennis and Moore, 1938) .
There are three important concepts of the ion exchange mechanism observed in the dying cell. First, Woodin (1960) claims that an increase in membrane permeability is the initial response of the cell to anoxia. Such an increase would permit sodium ions to move into the cell and potassium ions to move out as happens normally in the depolarization of muscle and nerve. In the normal living cell the activity of the 'sodium pump' expels sodium ions and thus opposes the ionic shifts of cell damage.
Supporting evidence comes from Elsbach and Schwartz (1959) who claim that potassium leaves the damaged cell two hundred times faster than normal. To explain so rapid a loss they consider that a gross increase in cellular permeability is necessary.
The second view is due to Judah and Ahmed (1964) (Hirsch, Bernheimer, and Weissmann, 1963) . Hydrolytic and other destructive enzymes are released and are thought to inhibit the mechanisms of the sodium pump.
Apparently elements of all three theories might form the true mechanism of loss of potassium and gain in sodium in the infarcted tissue.
COMPARISON OF DIAGNOSTIC AIDS
Ionic ratios The measurement of the myocardial ionic ratio (K+/Na+) proved to be extremely useful in the diagnosis of early infarcts. Seventeen out of 20 cases showed a clear-cut difference between normal and abnormal ionic ratios, viz, less than 1-0. Three had ratios of 1 1, whereas one of 25 control hearts had that value. The remaining 24 were greater than 1-2. The figures suggested that the age of an infarct, at least for the first 12 hours, could be estimated roughly by the value of the ionic ratio (K+/Na+); as the lesion ages the ionic ratio (K+/Na+) becomes more abnormal.
Also the extent of the infarct as measured by the ionic ratio (K+/Na+) becomes greater with age. It seems that in ischaemia ionic shifts are not confined to the apparent infarct but take place also in the surrounding viable myocardium. These changes are similar to those in the fresh infarct but take longer to appear and are not so pronounced.
Sampling five specific points in numerous infarcted hearts, Iseri, Alexander, McCaughey, Boyle, and Myers (1952) (Calhoun and Harrison, 1931) , digitalis administration (Daniel, and left ventricular hypertrophy (Ledingham, 1957) . It will be noticed from Table I Scott (1930) , Lowry et al (1942) , and Bliss Adolph (1963) who claim that although concentrations may rise in congestive heart no potassium is lost, and the ionic ratio (K+/Na+) is not therefore significantly altered. Klaus (1961) and Bliss and Adolph (1963) the suggestion that correct digitalis therapy loss of potassium from the myocardium. believe that potassium is lost only in overdosage. Confirmation comes from the findings that the trasystoles of digitalis'intoxication can be abolished by potassium supplements (Sampson, Alberton, and Kondo, 1943; Enselberg, Simmons, and 1950) . There is a similarity here to the ings of Sodi-Pollares (1961) 
